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FIG. 16

VIBRATION REGION IN WHICH
/{  PHASE IS SAME AND SOUND
/ RADIATION CONTRIBUTION IS LARGE

NON-VIBRATION LEVEL IN WHICH SOUND | ==

Rt SRS

COLD ZONE | EFFECTIVE SOUND SOURCE
IMPLEMENTATION REGION
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FIG. 17
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FIG. 18A
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FIG. 18B
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APPARATUS AND METHOD OF FORMING
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METHOD OF DISPOSING EXCITERS
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2013, 1n the U.S. Patent and Trademark Oflice, and priority
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Apr. 6, 2016, 1n the Korean Intellectual Property Oflice, the
disclosures of which are incorporated herein in their entire-

ties by reference.

BACKGROUND

1. Field

The present disclosure relates to apparatuses and methods
of forming a localized vibration field which form the local-
1zed vibration field on a plate by disposing exciters on the
plate such as a display panel, and methods of disposing the
exciters of the apparatuses for forming the localized vibra-
tion field.

2. Description of the Related Art

To implement haptic sensation at an electronic device
such as a smartphone or a tablet personal computer (PC),
various technologies are used. One of the most general
technologies used for implementing haptic sensation 1s a
spinning motor having an off-center weight which vibrates
an entire electronic apparatus. In a touchscreen type elec-
tronic apparatus, this technology 1s used for implementing a
sense of pressing a physical button/key. For example, when
a user touches a button displayed on a touchscreen display,
an entire electronic apparatus vibrates by rotating a motor
for a short time.

Also, for portability, space utilization, and an esthetic
sense, an electronic apparatus such as a smartphone or a
tablet PC provides an 1mage via a thin display panel having,
a small frame (or bezel) 1f possible. Due to a thin thickness
and a small frame width of the apparatus, only small
speakers may be mounted, but 1t 1s diflicult to provide
mid/low frequency sounds by using only the small speakers.
Therefore, 1 an external sound apparatus 1s not separately

connected, there are limitations in providing natural and
aflluent sounds by using only the apparatus.

SUMMARY

Provided are apparatuses for providing a vibration field
pattern on a localized region of an appearance of an elec-
tronic apparatus.

Provided are apparatuses for forming a vibration field
pattern that may feel haptic sensation on a local region of an
appearance ol an electronic apparatus.

Provided are methods of disposing exciters which dispose
the exciters forming a vibration field pattern on a local
region ol an appearance of an electronic apparatus.

Provided are methods and apparatuses of providing afilu-
ent sounds including mid/low frequencies to an electronic
apparatus.
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Additional aspects will be set forth 1n part 1n the descrip-
tion which follows and, 1n part, will be apparent from the

description, or may be learned by practice of the presented
embodiments.

According to an aspect of an embodiment, an apparatus
for forming a localized vibration field, the apparatus
includes: a plate; a plurality of exciters disposed at a
plurality of locations 1n neighborhood of circumierence of
the plate and configured to excite the plate; and a driving
controller configured to vibrate the plurality of exciters by
using a substantially same excitation frequency, wherein the
plurality of exciters excite a local region of the plate and
suppress vibrations of a rest of regions except the local
region of the plate.

According to an aspect of another embodiment, a method
of forming a localized vibration field, the method includes:
disposing a plurality of exciters at a plurality of locations 1n
neighborhood of circumierence of a plate; and exciting the
plate by vibrating the plurality of exciters with a substan-
tially same excitation frequency, wherein the exciting of the
plate includes exciting a local region of the plate and
suppressing vibration of a rest of regions except the local
region of the plate.

According to an aspect of another embodiment, a method
of disposing exciters which vibrate a local region of a plate
by exciting the plate at a plurality of locations 1n neighbor-
hood of circumierence of the plate, the method includes:
exciting a plurality of candidate locations 1n the neighbor-
hood of the circumierence of the plate by using a same
excitation frequency; selecting relatively independent can-
didate locations with respect to localized vibration of the
plate by calculating correlation between the localized vibra-
tion of the plate and vibrations at the plurality of candidate
locations; and disposing the exciters at the selected 1nde-
pendent candidate locations.

An apparatus for forming a localized vibration field
according to an embodiment may form a vibration field
pattern on a local region of an appearance of an electronic
apparatus.

An apparatus for forming a localized wvibration field
according to an embodiment may allow haptic sensation to
be felt on a local region of an appearance of an electronic
apparatus.

An apparatus for forming a localized wvibration field
according to an embodiment may provide aflluent sounds
including frequencies 1 a mid range or a low range from
among an audible frequency band to an electronic apparatus.

A method of disposing exciters according to an embodi-
ment may optimally dispose exciters forming a vibration
field pattern on a local region of an appearance of an
clectronic apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following description of
the embodiments, taken 1n conjunction with the accompa-
nying drawings in which:

FIG. 1 1s a view 1llustrating an appearance of an electronic
apparatus that includes an apparatus for forming a localized
vibration field according to an embodiment;

FIG. 2 1s a view 1illustrating an apparatus for forming a
localized vibration field according to an embodiment;

FIG. 3 15 a flowchart for explaining a method of disposing,
exciters;

FIG. 4 1s a view 1llustrating independent locations from
among a plurality of candidate locations of a plate;
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FIG. 5 1s a graph 1llustrating relation between a vibration
velocity and a person’s haptic recognition;

FIG. 6 1s a diagram 1illustrating an operation of forming a
localized vibration field at the apparatus for forming the
localized vibration field of FIG. 2;

FIGS. 7, 8, 9, and 10 are graphs illustrating implemen-
tation results of a localized vibration field formed by a
method of forming a localized vibration field according to an
embodiment;

FIGS. 11 and 12 are graphs illustrating implementation
results of a localized vibration field formed by a method of
forming a localized wvibration field according to another
embodiment;

FIGS. 13 and 14 are graphs illustrating implementation
results of a localized vibration field formed by a method of
forming a localized vibration field according to another
embodiment;

FIG. 15 1s a view 1illustrating an apparatus for forming a
localized vibration field according to another embodiment;

FIGS. 16 and 17 are diagrams 1llustrating an operation of
forming a localized vibration field at the apparatus for
forming the localized vibration field of FIG. 15; and

FIGS. 18A and 18B are graphs illustrating amplitude and
phase characteristics of a localized vibration field formed by

the apparatus for forming the localized vibration field of
FIG. 15.

DETAILED DESCRIPTION

Terms used heremn will be described in brief prior to a
detailed description of the exemplary embodiments.

As the terms used herein, so far as possible, widely-used
general terms are selected in consideration of functions 1n
the exemplary embodiments; however, these terms may vary
according to the mtentions of those of ordinary skill 1n the
art, the precedents, or the appearance of new technology.
Also, 1n some cases, there may be terms that are arbitrarily
selected by the applicant, and the meanings thereotf will be
described in detail 1n the corresponding portions of the
description of the exemplary embodiments. Therefore, the
terms used herein are not simple titles of terms and should
be defined based on the meanings thereof and the overall
description of the exemplary embodiments.

Throughout the specification, when a portion “includes™
an element, another element may be further included, rather
than excluding the existence of the other element, unless
otherwise described.

Embodiments are described below 1n detail with reference
to the accompanying drawings to enable a person of ordi-
nary skill in the art to easily carry out the embodiments.
However, the exemplary embodiments may be implemented
in various different forms, and 1s not limited to the embodi-
ments described therein. Also, for clear description of the
exemplary embodiments, portions irrelevant to the descrip-
tion are omitted from the drawings.

FIG. 1 1s a view 1llustrating an appearance of an electronic
apparatus 10 that includes an apparatus 100 for forming a
localized vibration field according to an embodiment, FIG.
2 1s a plan view 1llustrating the apparatus 100 for forming a
localized vibration field according to an embodiment, and
FIG. 3 1s a flowchart for explaining a method of disposing
exciters.

Referring to FI1G. 1, the electronic apparatus 10 may be an
information & communication technology (ICT) apparatus
such as a smartphone or a tablet personal computer (PC). As
illustrated 1n FIG. 1, the electronic apparatus 10 may include
a housing 11 and a display panel 12. The housing 11 may
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have a plate shape. The display panel 12 may be located
above one side of the housing 11.

Referring to FIG. 2, the apparatus 100 for forming a
localized vibration field according to an embodiment may
include a plate 110, a plurality of exciters 120, and a driving
controller 190.

The plate 110 may include a material that may be excited.
The plate 110 may be a portion of the electronic apparatus
10 described with reference to FIG. 1. For example, the plate
110 may be understood as the display panel 12 of the
clectronic apparatus 10 of FIG. 1. As understood by a person
of ordinary skill 1n the art, the plate 110 may have a flat panel
shape but 1s not limited thereto. For example, the plate 110
may have a curved panel shape.

The plurality of exciters 120 are disposed in the neigh-
borhood of the circumierence of the plate 110 and excite the
plate 110. The neighborhood of the circumierence of the
plate 110 denotes the outer boundary or 1ts neighborhood of
the plate 110. For example, the plurality of exciters 120 may
be disposed on the backside of the display panel 12 of the
clectronic apparatus 10 described with reference to FIG. 1.
As described below, the plurality of exciters 120 may be
disposed such that vibrations occur on local regions and
vibrations are suppressed on the rest of regions when the
plate 110 vibrates. That 1s, the plurality of exciters 120 form
a vibration pattern so that haptic sensation 1s certainly felt
only on portions touched by a hand or a specific region on
the plate 110. As described below, the plurality of exciters
120 may be disposed on only locations that independently
contribute to the vibration field pattern. A method of dis-
posing the plurality of exciters 120 1s described below.

The exciter 120 may be, for example, a piezoelectric
clement. The piezoelectric element 1s formed by disposing
clectrodes on an upper surface and a lower surface of a
piezoelectric single crystal, and induces vibration from a
thickness change of the piezoelectric single crystal in
response to a signal voltage applied to the electrodes.

The driving controller 190 drives the plurality of exciters
120 so that the exciters 120 vibrate at the substantially same
excitation frequency. The excitation frequency may be
selected within a frequency band 1n which haptic sensation
by vibration 1s sensitive. The driving controller 190 may
independently drive each of the plurality of exciters 120
such that amplitudes and phases of the plurality of exciters
120 are different from each other.

Next, a method of disposing the exciters 120 according to
an embodiment 1s described with reference to FIGS. 3 and
4.

As 1llustrated 1n FIG. 4, the exciters 120 are disposed at
a plurality of candidate locations S 1n the neighborhood of
the circumierence of the plate 110 first (5210), and the
exciters 120 are driven at the same excitation frequency
(5220). As 1llustrated in FIG. 4, a transfer matrix may be
obtained from relation between an electric input signal input
to the exciters 120 and a velocity response at a measurement
point by attaching thirty four small moving coil-type excit-
ers 120 at the boundary of an reinforced glass panel P, and
detecting a vibration velocity at seventy seven internal
measurement points by using a laser Doppler Vibrometry
(LDV). Here, the reinforced glass panel P 1s used as the
display panel 11 (see FIG. 1), and may be understood as the
plate 110 according to an embodiment. An input signal of
cach exciter 120 required for control may be obtained by
using an eigen-function expansion method or an nverse
problem method via a bending traveling wave control. A
transier matrix between the exciters 120 and a vibration field
used for the mverse problem may be decomposed by using
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singular value decomposition (SVD). The singular value
decomposition decomposes an orthogonal square matrix
into a diagonal matrix with an eigen value used as a basis by
using a spectrum theory.

Next, relatively independent locations S2 are selected
with respect to localized vibration of the plate 110 by
calculating correlation between the localized vibration of the
plate 110 and vibrations at the plurality of candidate loca-
tions S (S230). In this case, independence between the
exciters 120 may be determined depending on a square value
ol a singular vector obtained via a singular value decompo-
sition method. Excitation at the rest of locations S1 except
the mdependent locations S2 may be derived via a combi-
nation of excitations at the independent locations S2.

As an embodiment for obtaiming a signal to be input to the
exciters 120, the eigen-function expansion method 1s
described below.

A response of a structure receiving external force may be
expressed by configuring a mode variable representing a
vibration characteristic of a system and using Equations 1
and 2 that use the eigen-function expansion as follows.

o0 jw Equation 1

vx, ¥) = ) A ~ (X, V),

" Adwg (1 + ) — 07

n=1
Jw
An{w%(l + ﬁ?ﬂ) R MZ}

Equation 2

Yn(X, ¥) = — (X, y

Here, n 1s the degree of a mode, A, 1s weight of an 1-th
exciter 120, A, 1s a norm of an n-th mode, w, 1s an eigen
frequency, 1. is an eigen function, {,’ is an eigen-function
value at an excitation point, 1, and 1s a loss coeflicient. The
same vibration field for each mode 1s defined as y,. A
response depending on a contribution degree for each mode
may be expressed by Equations 3 and 4 by using orthogo-
nality of eigen functions.

o o Equation 3
Vx 1) = ) Buthn(X, ) = ) Wy, ¥,
n=1 n=1

Equation 4
B, = f VX, Y (X, ¥)AS 4
5

Here, W_ 1s a contribution degree of an n-th mode. A
contribution degree for each mode 1n an objective vibration
fiecld may be obtamned by using Equations 3 and 4. To
implement a desired objective vibration field, a desired
contribution degree for each mode may be implemented by
grving appropriate weight of the exciter 120 to the exciters
120 including an array disposed on a boundary. A response
in the case where N exciters 120 are used may be known
from Equation 1, and Equation 5 may be obtained by using
a contribution degree for each mode of a vibration field
which aims at the response.

Equation 5

N
D (A = W,
i=1

n=1,2,...

.

A relation equation of weight of the exciter 120 and a
contribution degree for each mode may be expressed in
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6

terms of a matrix equation, and weight that may obtain a
vibration field, which 1s our object, may be obtained by
Equations 6 and 7.

WAt Wi 15 Equation 6

Ani=Yr W, Equation 7

Here, A 1s weight of the exciter 120, W 1s a mode
contribution degree, ¢ 1s a transifer matrix between A
including modal information and W, and T 1s a pseudo-
inverse matrix.

For another embodiment for obtaining a signal to be input
to exciters, a bending traveling wave controlling method 1s
described below.

When excitation occurs at a certain location inside a
structure, a bending traveling wave propagates. When N
exciters 120 and response mformation measured at p mea-
surement points therefrom are given, a matrix equation of
Equation 8 may be expressed.

GpsavEins1 ¥,

a ol Equation &

Here, a matrix G uses a Irequency response function
measured via experiment as a transier matrix between an
input signal of the exciter 120 and a velocity response. E 1s
an iput signal of the exciter 120, and V 1s a velocity matrix
at a measurement point. An input signal E of the exciter 120
may be obtained via the inverse-problem technique by using
a transier matrix and an objective vibration field.

EN}{ 11— GprT V

o1 Equation 9

Furthermore, a vibration field which approximates to a
desired objective vibration field may be obtained by apply-
ing the Tikhonov normalizaiton method as 1n Equations 10

and 11 below.
J=[V-GEp]" [V-GE|+ps"Ex

Equation 10

E~[GFG+pII GV Equation 11

Here, I 1s a price function for taking into account input
power, E .. 1s an input signal, and H 1s the Hermite operator.
Weight [ may be obtamned by using a generalized cross
validation (GCV) function. Through the normalization, it 1s
revealed that power less than input power of the exciter 120
ol the case where the normalization has not been performed
may be used.

Next, a method of selecting relatively independent loca-
tions 1n the plurality of candidate locations S of the plate 110
1s described below.

When only the exciters 120 having linearly independent
relation are selected from among the exciters 120, selecting,
and using unnecessary exciters 120 may be reduced. As a
method of selecting independent relation, an eflective inde-
pendent method (Efl) may be used. When this method 1s
used, linearly independent relations of candidate groups of
the exciters 120 disposed at different locations are known
and optimized arrangement may be found.

For example, the eigen-function expansion method uses a
transfer matrix 1 in Equation 6, which 1s a matrix equation
including weight of the exciter 120 and a contribution
degree for each mode, and a linear independent value Efl,
which 1s a factor representing independency on a system,
may be expressed by Equation 12.

E ~diag[y(p ) ]

Alternatively, in the bending traveling wave controllling
method, when a transfer matrix between weight of the
exciter 120 and a velocity response 1s used, a linear inde-
pendent value Efl may be expressed by Equation 13.

E~diag[G(G"G)™'G]

Equation 12

Equation 13
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When the SVD 1s applied to the above-obtained value, a
decomposed Efl value 1s expressed by Equation 14.

E~diag[U,U,"] Equation 14

Independence between the exciters 120 may be deter-
mined depending on the square magnitude of a singular
vector obtained by Equation 14. A valid independent loca-
tion 1s selected by removing a location of an exciter 120
having a smallest value, so that locations of most mutually
independent exciters 120 with respect to a given number of
the exciters 120 are optimally selected. Also, when an error
1s defined 1n advance, a minimum number and optimized
arrangement of the exciters 120 required for forming a
vibration field may be known.

Based on independence between the exciters 120, opti-
mized arrangement of a specific number of the exciters 120
for excitation, or a minimum number of the exciters 120 for
optimized excitation may be provided. In a method of
disposing exciters according to an embodiment, miniatur-
ization of an apparatus for forming a localized vibration
field, which has been dithicult to implement due to limitation
of a number of available exciters 120, 1s possible.

Next, a method of forming a localized vibration field 1s
described with reference to the apparatus 100 for forming a
localized vibration field according to an embodiment.

The apparatus 100 for forming a localized vibration field
implements localization of vibration by using the plurality of
exciters 120 disposed on the display panel 10 and the plate
110 of the electronic apparatus. For this purpose, an objec-
tive vibration field pattern 1s selected based on a frequency
and an amplitude in which haptic sensation by vibration 1s
most sensitive, vibration 1s generated in the form of standing,
waves, and also an object achievement degree factor of
appraising implementation results accordingly may be used.
Also, through understanding of independence between the
exciters 120, locations of most mutual independent exciters
120 are optimally selected with respect to a given number of
the exciters 120, so that a mimmimum number and optimized
arrangement of the exciters 120 required for forming a
vibration field may be known.

To mmplement an objective vibration pattern generally
including a vibration haptic sensation i1mplementation
region having a large amplitude and a non-vibration region
having no haptic sensation and a small amplitude on the
display panel 10, a frequency, an amplitude, and/or a size of
haptic sensation difference limen which take into account
sensitivity of haptic sensation may be selected. Also, an
objective achievement degree regarding forming of a vibra-
tion haptic sensation implementation region and a non-
vibration region having no haptic sensation may be made
and used as an appraisal value by using the frequency, the
amplitude, and/or the size of haptic sensation difference
limen.

FIG. 5 1s a graph 1llustrating relation between a vibration
velocity and a person’s haptic recognition, and FIG. 6 1s a
diagram 1llustrating an operation of forming a localized
vibration field at a plate. As 1llustrated 1n FIGS. 5 and 6, an
objective vibration field pattern includes a vibration haptic
sensation implementation region (referred to as a hot zone),
where a strong vibration haptic sensation may be felt, and a
non-vibration region having no haptic sensation (referred to
as a cold zone), where haptic sensation i1s not felt by
suppressing vibration. By taking into account recognition
information for a human finger’s haptic sensation, maximum
energy of the cold zone may be allowed to have a diflerence
of about 2 dB or more, which is a size of a difference limen,
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compared to a vibro-tactile threshold, and likewise, mini-
mum energy of the hot zone may be allowed to have a
difference of about 2 dB or more. The objective vibration
fiecld may be implemented as 1n FIG. 6. The vibro-tactile
threshold may change more or less depending on an exci-
tation frequency. For efliciency of an input electric signal
and providing an eflective sense of vibration, excitation may
be performed by using a frequency in the neighborhood of
about 300 Hz where a vibro-tactile threshold by vibration 1s
minimum or a signal 1n a narrow band (for example, a signal
in a band ranging from about 250 Hz to about 350 Hz) which
uses such a frequency as a central frequency.

In an embodiment, a success ratio S for appraising a result
of the objective vibration field based on haptic sensation
information by vibration such as a threshold and a difference
limen 1s defined as an achievement degree factor. Maximum
energy of the cold zone in which velocity response values
measured from the hot zone, which 1s the objective entire
region, and the cold zone are a condition based on a
threshold and a diference limen, 1s allowed to have a
difference of about 2 dB or more, which 1s a size of a
difference limen, and likewise, minimum energy of the hot
zone 1s allowed to have a difference of about 2 dB or more.

FIGS. 7 to 10 illustrate implementation results of a
localized vibration field in the case where an eigen-function
expansion method 1s used as a method of forming a localized
vibration field according to an embodiment. FIGS. 7 and 8
illustrate 1mplementation results of a localized vibration
field applied to 2x2 divided regions, and FIGS. 9 and 10
illustrate 1mplementation results of a localized vibration
field applied to 3x3 divided regions.

A region 1n which a vibration velocity 1s less than about
0.2 mm/s corresponds to the cold zone in which vibration
cannot be recognized. A region 1n which a vibration velocity
1s equal to or greater than about 0.2 mm/s corresponds to the
hot zone. The velocity of about 0.2 mm/s may be understood
as a vibro-tactile threshold. Referring to FIGS. 7 and 8, 1t 1s
known that the hot zone in which a vibration velocity 1s
equal to or greater than about 0.2 mm/s 1s locally limited to
a left upper region from among the 2x2 divided regions. In
this case, the success ratio S 1s calculated as about 90.2%. As
understood by a person of ordmnary skill in the art, a
vibration velocity of about 0.4 mm/s or more may provide
more definite vibration, and this hot zone, as illustrated 1n
FIGS. 9 and 10, may be locally limited in the 3x3 divided
regions. In the case where the localized vibration field 1s
applied to the 3x3 divided regions, a success ratio S 1s
measured as about 86.5%.

FIGS. 11 and 12 illustrate implementation results of a
localized vibration field in the case where a bending trav-
cling wave controllling method (normalizaiton not used) 1s
used as a method of forming a localized vibration field
according to an embodiment. FIG. 11 illustrates implemen-
tation results of a localized vibration field applied to 2x2
divided regions, and FIG. 12 illustrates implementation
results of a localized vibration field applied to 3x3 divided
regions. Referring to FIG. 11, 1n the case where the localized
vibration field 1s applied to the 2x2 divided regions, a
success ratio S 1s measured as about 97.4%. Referring to
FIG. 12, in the case where the localized vibration field 1s
applied to the 3x3 divided regions, a success ratio S 1s
measured as about 98.7%.

FIGS. 13 and 14 illustrate implementation results of a
localized vibration field in the case where a bending trav-
cling wave controllling method (normalizaiton not used) 1s
used as a method of forming a localized vibration field
according to another embodiment. FIG. 13 illustrate imple-
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mentation results of a localized vibration field applied to 2x2
divided regions, and FIG. 14 illustrate implementation
results of a localized vibration field applied to 3x3 divided
regions. Referring to FIG. 13, 1n the case where the localized
vibration field 1s applied to the 2x2 divided regions, a
success ratio S 1s measured as about 98.7%. Referring to
FIG. 14, 1n the case where the localized vibration field 1s
applied to the 3x3 divided regions, a success ratio S 1is
measured as about 98.7%.

Though the above embodiments describe a case where the
apparatus 100 for forming a localized wvibration field 1is
prepared on the display panel 10 of an imformation &
communication technology (ICT) apparatus, the apparatus
100 for forming a localized vibration field 1s not limited
thereto. For another example, a plurality of exciters 120 may
be disposed on the circumiterence of the backside of the ICT
apparatus (that 1s, the backside of the display panel 10). For
another example, as understood by a person of ordinary skill
in the art, in the case where the ICT apparatus does not
include the display panel 10, the plurality of exciters 120
may be installed on a plate having a predetermined area.

FIG. 15 1s a view 1llustrating an apparatus 300 for forming,
a localized vibration field according to another embodiment.

Referring to FIG. 15, the apparatus 300 for forming a
localized vibration field may include a plate 310, a plurality
ol exciters 320, and a driving controller 390.

The plate 310 may include a material that may be excited.
The plate 310 may be a portion of the electronic apparatus
10 described with reference to FIG. 1. For example, the plate
310 may be understood as the display panel 12 of the
clectronic apparatus 10 of FIG. 1. As understood by a person
of ordinary skill 1n the art, the plate 110 may have a flat panel
shape but 1s not limited thereto. For example, the plate 310
may have a curved panel shape.

The plurality of exciters 320 are disposed 1n the neigh-
borhood of the circumierence of the plate 310 and excite the
plate 310. The plurality of exciters 320 may be attached
close to a boundary portion of the plate 310 to form a single
closed curve and form a single exciter array. For example,
the plurality of exciters 320 may be attached on a boundary
or locations very close to the boundary of the backside of the
display panel 12 of the electronic apparatus described with
reference to FIG. 1 such that an inner space 1s completely
surrounded by the plurality of exciters 320. The plurality of
exciters 320 may be, for example, piezoelectric elements.
The drniving controller 390 drives the plurality of exciters
320 so that the plurality of exciters 320 wvibrate at the
substantially same excitation frequency. The driving con-
troller 390 may drive each of the plurality of exciters 320
independently so that amplitudes and phases of the plurality
of exciters 320 are diflerent from each other.

FIGS. 16 and 17 are diagrams 1llustrating an operation of
forming a localized vibration field at the apparatus 300 for
forming the localized vibration field. A single mode vibra-
tion 1n which a phase 1s constant 1s induced 1 a specific local
sound source region to which sounds are to be radiated, and
excitation 1s not allowed 1n the other regions. The cold zone
may be understood as a baflle of a speaker. A person of
ordinary skill in the art would understand that a sound
source-forming region at the plate 110 may be generated at
various locations via appropriate arrangement of the exciters
320 and an mput signal like the embodiment described with
retference to FIGS. 1 to 14.

FIGS. 18A and 18B are graphs illustrating amplitude and
phase characteristics of a localized vibration field formed by
the apparatus 300 for forming the localized vibration field
according to an embodiment. Referring to FIG. 18A, 1t 1s
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known that vibration occurs only at a region A. Also,
referring to FIG. 18B, 1t 1s known that the vibration at the
region A has the same phase.

A user may feel an eflect as 1f sounds directly came out
from the plate 310 by using the apparatus 300 for forming
the localized vibration field according to an embodiment. A
location S of a sound source inside the plate 310 may be
changed by differing an nput electric signal to the array of
the exciters 320. Since an additional speaker unit 1s not
required, space elliciency improves. A limitation character-
istic of a low frequency sound 1s determined by a size of a
sound source. Since the apparatus 300 for forming the
localized vibration field according to an embodiment uses a
sound source of a wide region, mid/low frequency sounds,
which have been diflicult to provide due to apparatus struc-
ture arrangement 1n the related art, may be implemented.
That 1s, the apparatus 300 for forming the localized vibration
field according to an embodiment 1s applied to the display
panel 12 of the electronic apparatus 10, so that mid/low
frequency sounds may be provided to a specific local region
within the display panel 12, and vibration generation 1s
suppressed 1n the other regions. Therefore, sound radiation
elliciency improves and distortion reduces and thus natural
and excellent sounds may be provided to a user.

Though the apparatus and method of forming the local-
1zed vibration field, and the method of disposing exciters
according to the embodiments have been described with
reference to the embodiments illustrated 1n the drawings, for
understanding, 1t will be understood by those of ordinary
skill 1n the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the exemplary embodiments as defined by the following
claims.

What 1s claimed 1s:

1. An apparatus for forming a localized vibration field, the
apparatus comprising:

a plate;

a plurality of exciters disposed around a circumierence of
the plate and configured to excite the plate at a sub-
stantially same excitation frequency, wherein the plate
vibrates 1n the form of standing waves; and

a driving controller configured to set a location of a local
region of the plate by independently controlling both of
an amplitude and a phase of each of the plurality of
exciters, wherein the local region of the plate 1is
vibrated and vibrations of a region outside the local
region ol the plate are suppressed,

wherein the plurality of exciters are configured to excite
the local region with a vibration energy greater than a
vibro-tactile threshold, and to excite the region outside
the local region of the plate with a vibration energy less
than the vibro-tactile threshold, and

wherein the plurality of exciters are disposed at a node of
vibration of the plate.

2. The apparatus of claim 1, wherein the plurality of
exciters are configured to excite the local region with a
vibration energy substantially greater than the vibro-tactile
threshold by about 2 dB or more, and excite the region
outside the local region with a vibration energy substantially
less than the vibro-tactile threshold by about 2 dB or more.

3. The apparatus of claim 1, wherein the plurality of
exciters are configured to excite the local region of the plate
with a vibration energy substantially greater than a vibration
energy of the region outside the local region of the plate by
about 4 dB or more.

4. The apparatus of claim 1, wherein the plurality of
exciters are configured to excite the plate so as to vibrate the
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local region at a mid-range or a low-range frequency from
among an audible frequency band.
5. The apparatus of claim 1, wherein the plurality of
exciters are configured to excite the plate such that the local
region vibrates 1n a single mode having a constant a phase.
6. The apparatus of claim 1, wherein the plurality of
exciters comprise at least one ol moving coil exciters,
piezoelectric exciters, and off-center weight motors.
7. The apparatus of claim 1, wherein the plate comprises
a flat panel-type member or a curved panel-type member.
8. The apparatus of claim 1, wherein the plate comprises
a display panel or a housing of an electronic apparatus.
9. A method of forming a localized vibration field, the
method comprising:
disposing a plurality of exciters around a circumierence of
a plate; and

exciting the plate by vibrating the plurality of exciters at
a substantially same excitation frequency, wherein the
plate vibrates 1n the form of standing waves;

setting a location of a local region of the plate by

independently controlling both of an amplitude and a
phase of each of the plurality of exciters, wherein the
local region of the plate 1s vibrated and vibrations of a
region outside the local region of the plate are sup-
pressed; and

exciting the local region with a vibration energy greater

than a vibro-tactile threshold, and exciting the region
outside the local region of the plate with a vibration
energy less than the vibro-tactile threshold,

wherein the plurality of exciters are disposed at a node of

vibration of the plate.

10. The method of claim 9, further comprising;:

exciting the local region with a vibration energy substan-

tially greater than the vibro-tactile threshold by about 2
dB or more, and exciting the region outside the local
region with a vibration energy substantially less than
the vibro-tactile threshold by about 2 dB or more.
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11. The method of claim 9, further comprising:
exciting the plate so as to vibrate the local region at a
mid-range or a low-range frequency from among an
audible frequency band.
12. The method of claim 9, further comprising:
exciting the plurality of exciters to induce a single mode
vibration having a constant phase 1n the local region.
13. A method of disposing exciters, which vibrate a local
region of a plate by exciting the plate, around a circumier-

, ence of the plate, the method comprising:
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exciting a plurality of candidate locations around the
circumierence of the plate at a uniform excitation
frequency, wherein the plate vibrates in the form of
standing waves;

selecting independent candidate locations with respect to

a localized wvibration of the plate by calculating a
correlation between the localized vibration of the plate
and vibrations at the plurality of candidate locations;
and

disposing the exciters at the selected independent candi-

date locations,

wherein a location of the local region of the plate is set by

independently controlling both of an amplitude and a
phase of each of the plurality of exciters,

wherein the local region of the plate 1s vibrated and

vibrations of a region outside the local region of the
plate 1s suppressed, and

wherein the plurality of exciters are disposed at a node of

vibration of the plate.

14. The method of claim 13, wherein the correlation
between the localized vibration of the plate and the vibra-
tions at the plurality of candidate locations 1s calculated by
using an eflective independence method (E1I).

15. The method of claim 13, wherein the independent
candidate locations with respect to the localized vibration of
the plate are selected based on an achievement value set
based on human tactile information.
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